The prevalence of coronary risk factors was assessed in 1,817 asymptomatic adults in Long Beach, California, at the beginning and end of a 10-11 month interval. The risk factors evaluated were hypercholesterolemia, hypertriglyceridemia, hypertension, smoking, hyperglycemia, and marked obesity. The results of the tests were sent to the participants and to their physicians. An educational program aimed at reduicing coronary risk factors was offered to the first 1,250 persons screened. Eight hundred and seventytwxo of those 1,250 allocated to the education group returned for a second screening. The prevalence of 0, 1, 2, 3, 4, 5, or 6 coronary risk factors did not change significantly between the twvo screens in either the total grouip of 1,817 adults or in the 872 adults in the educational program. The Long Beach Heart Association mass screening program for coronary risk factors was ineffective in reducing the number of coronary risk factors.
H YPERCHOLESTEROLEM IA,-' hypertriglyceridemia,"-18 hypertension, 1-4, 6, 7, 9, 10, 19 cigarette smoking,3' 7, 10, 11, 16, [20] [21] [22] [23] [24] diabetes mellitus l, 6, 10, 12, 15, 17, 25, 26 and obesity" 6, 19, 27 , 28 have been identified as major risk factors which predispose people, particularly men, to develop coronary heart disease. A sensible approach to solving the problem of coronary heart disease is the identification and reduction or elimination of these risk factors in asymptomatic persons.
To this end, the Long Beach (California) Heart Association began a long-term epidemiologic study which evaluated the prevalence of risk factors for coronrary heart disease in 2,524 adults in the Long Beach comnmunity with no history of coronary disease. 29 The results of individual tests were sent to the persons screened and to the physician of their choice. In addition, the first 1,250 participants were allocated to an educational program for reduction of coronary risk factors. Ten to 11 months later, the 2,524 participants were invited to be rescreened. This paper presents the emploxees, Long Beach Independent-Press Telegram enmployees, Long Beach Naval Shipyard employees, emiplovees of various other industries, members of the Long Beach hleart Association Board of Directors and their frienlds, Long Beach Heart Association volunteers and their friends, and persons referred by the Director of the Inner City Mlinistry. \lrs. Johnson contacted these organizations asking them to notify their employees that a coronary risk factor screening program was available free of charge to asvmptomatic people without any history of cardiovascular disease. Interested persons were invited to get in touch with the hleart Association directly for detailed information and for an appointment to be interviewed and for an appointmne-t to be screened. We do not know how many people xvere invited to participate in this study, and therefore, do not know what percentage of the people who were invited to participate actually accepted the invitation.
Data about the sex, racial composition, age ranges, e(loucational background, and family income of the adult population (over 20 220,389 adults above 20 years in the entire Long Beach community. The difference was not significant. Of the 2,524 adults we screened, 62.9% were men and 37.1% were women, compared to 50.6% men and 49.4% women in the Long Beach adult community above 20 years. This higher proportion of men screened as compared to the Long Beach adult community was significant (chi-square = 150.46; P < 0.001). Of our 2,524 adults screened, 87.0% were Caucasian, 7.0% were Negro, 4.1% were Mexican-American, 0.8% were Oriental, and 1.1% were from a mixed racial background. The Long Beach adult community is composed of 87% Caucasian, 7% Negro, 4% Mexican-American, 1% Oriental, and 1% mixed racial background. This racial composition did not significantly differ from that of the adults screened.
Of our 2,524 adults screened, 95.6% had more than ten years of education compared to 79.2% of the Long Beach adult community above age 20 (chi-square = 410.24; P < 0.001). Of our 2,524 adults screened, 86.2% had more than 12 years of education compared to 62.5% of the Long Beach adult community above age 20 (chi-square = 598.38; P < 0.001).
The family income in our 2,524 adults screened was less than $5,000 in 8.6%, between $5,000 to $10,000 in 25.5%, between $10,000 to $15,000 in 31.6%, between $15,000 to $20,000 in 20.6%, and above $20,000 in 13.7% of persons. The family income in the Long Beach adult community above 20 years was less than $5,000 in 18.6%, between $5,000 to $10,000 in 29.6%, between $10,000 to $15,000 in 26.8%, between $15,000 to $20,000 in 19.4%, and above $20,000 in 5.6% of persons. Comparison of the two populations show that within each income grouping the population screened was relatively wealthier than the same groups in the population as a whole. Significantly more adults in the total Long Beach community had family incomes below $5,000 (chi-square = 165.68; P < 0.001), below $10,000 (chi-square = 196.89; P < 0.001), below $15,000 (chisquare = 215.88; P < 0.001), and below $20,000 (chisquare = 605.54; P < 0.001).
Mrs. Johnson and numerous trained volunteers visited the persons to be tested the afternoon before their tests and had them fill in a detailed questionnaire. The people to be tested were also instructed to fast for 12 to 14 hours prior to their tests and not to smoke for at least 2 hours prior to their tests. On the morning of their tests, the first question asked of the people being screened was whether they had eaten within 12 to 14 hours or smoked within 2 hours. If they had, their tests were not performed that morning.
The blood pressure was recorded in each subject, and if it was elevated, repeated every 5 minutes for a total of three determinations. The lowest blood pressure recorded was the value used. The height and weight were measured in each person. A 12-lead resting electrocardiogram was obtained in each subject. Blood was drawn after a 12-14 hour overnight fast in each person and analyzed for serum cholesterol,30 for serum triglyceride,31 and for sugar.32 These laboratory tests were analyzed by Biochemical Procedures in North Hollywood, California. The electrocardiograms were interpreted by the cardiologists who participated in this study. 29 The data were analyzed by our biostatistician with the National CSS timesharing computer using the SPX and BMD programs. The results of the tests were sent to the people screened and to the physician of their choice.
The first 1, 250 adults screened were also allocated to an educational program. The sources and methods of recruit-Circulation, Volume SI, June 1975 ment of the individuals placed in the educational program designed to reduce coronary risk factors did not differ from those of individuals not included in the educational program.
The mean age of the persons placed in the educational program was 43.5 ± 12.4 compared to 43.3 ± 13.0 years in the persons not included in the educational program (P: NS). Of the individuals placed in the educational program, 62.8% were men and 37.2% were women and the breakdown according to sex was not significantly different from that of the group not allocated to education.
Of the individuals placed in the educational program, 86.7% were Caucasian, 7.3% were Negro, 4.0% were Mexican-American, 0.7% were Oriental, and 1.3% were from a mixed racial background. Of the individuals not allocated to the educational program, 87.3% were Caucasian, 6.7% were Negro, 4.2% were Mexican-American, 0.8%
were Oriental, and 1.0% were from a mixed racial background and these percentages did not differ significantly from racial composition of the adults placed in the educational program.
The mean number of years of education of the individuals placed in the educational program was 13.7 ± 2.3 years compared to 13.5 ± 2.2 years in the persons not included in the educational program (P, not significant). The mean family income of the persons placed in the educational program was $14,400 ± $4,750 compared to $14,050 + $4,375 in the individuals not included in the educational program (P not significant). Table 1 indicates the mean serum cholesterol, serum triglyceride, systolic blood pressure, diastolic blood pressure, fasting blood sugar, and weight + 1 standard deviation and the prevalence of cigarette, cigar, or pipe smoking in the persons in the educational and those in the noneducational programs. Using the t test for independent means, no significant difference in mean serum cholesterol, serum triglyceride, systolic blood pressure, diastolic blood pressure, fasting blood sugar, or weight was observed between the individuals placed in the educational group and the persons not included in the educational group. Chisquare analysis revealed no significant difference in prevalence of cigarette, cigar, or pipe smokers between the two groups.
The participants in the educational program were sent four separate mailings of American Heart Association literature about the reduction of coronary risk factors. This included pamphlets entitled "-Diet and Heart Disease," '-Reduce Your Risk of Heart Attack," "Why Risk Heart Attack?" "What Everyone Should Know About Smoking and Heart Disease," "Cigarette Quiz," "-Heart Attack: How to Reduce Your Risk," and "High Blood Pressure." In addition, diet manuals were sent to people with cholesterol or triglyceride abnormalities, selected on the basis of review of their serum cholesterol, serum triglyceride, and lipoprotein pattern. Persons without elevated serum cholesterol or triglyceride levels were sent the pamphlet entitled "The Way to a Man's Heart: the second hour a cardiologist in each group answered questions about coronary risk factors. Ten to 11 months after the first screen, all 2,524 individuals were invited to be rescreened. However, only 1,817 people accepted the invitation and were rescreened. Table 2 shows the prevalence of hypercholesterolemia, hypertriglyceridemia, hypertension, cigarette, cigar, or pipe smokers, hyperglycemia, and marked obesity during the first screen in the 707 adults screened once and in the 1,817 adults who returned for a second screen. Chi-square analyses indicated that there was no significant difference in prevalence of any of the six coronary risk factors between the 707 people who participated only in the first screen and the 1,817 people who participated in both screens. However, significantly more persons who did not have the educational program returned for a second screen than the individuals who were allocated to the educational program: 945/1274 (74%) vs 872/1250 (70%) respectively (chi-square = 6.1; P < 0.01).
Results
Questionnaires mailed to the 707 people who did not return for a second screen were answered by 508 individuals (72%). These 508 individuals did not return for a second screen for the following reasons: two people had died, 12 were under treatment for atherosclerotic diseases, 143 had moved out of the area, 107 had normal tests during the first screen, 101 felt they did not have the time to be rescreened, 44 did not care to have a second screen, and 99 stated that their personal physician did not feel the screen was important. Table 3 shows the prevalence of the sex, age ranges, racial composition, and educational background of the 1,817 adults screened twice.
Of the 1,817 adults screened twice, 872 (48.0%) were allocated to the educational group. Seventy-one of the 872 members in the educational group (8.1%) attended at least one lecture on coronary risk factors. These 71 individuals all had either hypercholesterolemia, hypertriglyceridemia, hypertension, hyperglycemia, or more than one of these risk factors. The small percentage of individuals willing to attend one lecture on coronary risk factors was attributed to apathy of asymptomatic individuals toward prevention of future disease.
Chi-square analyses were applied to the groups of attenders and nonattenders to determine if there had been significant change in measurements of abnormal risk factors (table 8) and if measurements of risk factors found normal on initial examination changed at second screening (table 9) . Abnormal and normal values in the two groups for each risk factor were tested for differences in 1) improvement of any of the and 3) worsening of any of the six coronarv risk factors. The pattern of risk factors of the 71 persons who attended at least one lecture did not vary in any way that was significantly different from the pattern of the other 801 persons in the education group who did not attend the lectures. Table 4 indicates the prevalence of hypercholesterolemia (fasting serum cholesterol greater than 250 mg%), hypertriglyceridemia (fasting serum triglyceride _ 150 mg%), hypertension (blood pressure > 140/90 mm Hg and > 150/100 mm Hg), cigarette smokers, cigarette, cigar, or pipe smokers, hvperglycemia (fasting blood sugar > 120 mg%), marked obesity (weight > 20% above desirable body weight as determined from the Metropolitan Life Insurance Company weight tables33), electrocardiograms which were not normal, and of electrocardiograms showing transmural myocardial infarction during both screens performed 10 to 11 months apart on the total group. A correlated McNemar version of the chi-square test was performed for each risk factor in the 1, 817 adults. This test uses -each patient as his own control to determine significant changes between the first and second screens. The following significant changes \~ere observed (table 4) . A significant increase in the proportion of persons vith elevated serum triglvcerides was observed in the 1,817 adults at the second screening (chi-square = 142.0; P < 0.001). A significant increase in the proportion of persons with elevated systolic blood pressure was also observed in the 1,817 persons between the two screens (chisquare = 138.7; P < 0.001). The proportion of persons xvith elevated diastolic blood pressure also increased in the 1,817 adults between the two screens (chi-square = 188.4; P < 0.001).
N\ost subjects who developed hypertension between the first and second screens had borderline hvpertension during the first screen. Only 12 of 101 subjects (11.9%) who developed hypertension b)etwveen the first and second screens had blood pressures below 130/82 mm Hg durihg the first screen. Table 5 shows the prevalence of 0, 1, 2, 3, 4, 5, or 6 coronary risk factors in the 1,817 adults during the first and second screens. The risk factors are a fasting serum cholesterol > 250 mg%, a fasting serum triglvceride _ 150 mg%, a blood pressure > 140/90 rnm Hg, smoking, a fasting blood sugar > 120 mg%, and a weight _ 20% above desirable body weight. The prevalence of a finding of coronary risk factors, at Table 6 indicates the prevalence of hypercholesterolemia (fasting serum cholesterol > 220 mg% and > 250 mg%), hypertriglyceridemia (fasting serum triglyceride k 150 mg%), hypertension (blood pressure > 140/90 mm Hg and > 150/100 mm Hg), cigarette smokers, cigarette, cigar, and pipe smokers, hyperglycemia (fasting blood sugar > 120 mg%), and marked obesity (weight _ 20% above desirable body weight) during the first and second screens performed 10 to 11 months apart in the 872 adults in the educational group.
A correlated McNemar version of the chi-square test was performed for each risk factor in the 872 individuals placed in the educational group. The following significant changes were observed (table 6) . A significant increase in the proportion of persons with elevated serum triglyceride was observed in the 872 persons between the two screens (chi-square = 67.7; P < 0.001). Significant increases in the proportion of persons with elevated systolic blood pressure (chisquare = 166.6; P < 0.001), and elevated diastolic blood pressure (chi-square = 275.5; P < 0.001) were found in the 872 adults between the two screens. Table 7 indicates the prevalence of 0, 1, 2, 3, 4, 5, or 6 coronary risk factors in the 872 adults in the educational group during the first and second screens. The risk factors are a fasting serum cholesterol > 250 mg%, a fasting serum triglyceride 2 150 mg%, a blood pressure > 140/90 mm Hg, smoking, a fasting blood sugar > 120 mg%, and a weight 2 20% above the desirable body weight. The prevalence at the second screen of persons exhibiting none, one, or up to six coronary risk factors did not differ significantly in the 872 adults in the educational group compared with the first screen.
Changes in each risk factor determined by study protocol to be biologically meaningful were analyzed for both risk factors initially found abnormal and those judged normal at first screening. Table 8 indicates the prevalence and the types of changes that occurred in the abnormal coronary risk factors during the second screen in comparison with the first screen in the 872 adults in the educational group. Table 9 presents normal coronary risk factors in the same format. An analysis of covariance test showed that differences between the first and second screens could not be attributed to the 10 to 11 month aging of the subjects between the two screens.
A correlation matrix was calculated for serum cholesterol, serum triglyceride, systolic blood pressure, diastolic blood pressure, fasting blood sugar, and body weight from the data obtained from 1,817 adults during the second screen. Table 10 shows the correlation coefficients for these risk variables.
Discussion
Our data indicate a high prevalence of at least one risk factor such as hypercholesterolemia, hypertriglyceridemia, hypertension, smoking, diabetes mellitus, or marked obesity predisposing to coronary artery disease in asymptomatic adults. Of 1,817 adults, 1,217 (67.0%) had at least one coronary risk factor demonstrated during their first screen and the second screen revealed at least one coronary risk factor in 1,263 adults (69.5%). Although all 1,817 adults were told the results of their screening tests and were referred to the physician of their choice, who also received these results, none of the coronary risk factors were significantly reduced at the time of the second screen in comparison with the first screen. Moreover, it is disturbing that the proportions of persons with hypertriglyceridemia or hypertension rose significantly, as indicated by measurements taken at the second screen.
It is also disturbing that our educational program for reduction of coronary risk factors was ineffective in reducing the prevalence of coronary risk factors. This educational program included four mailings of standard American Heart Association literature about the reduction of coronary risk factors, in addition to offering four evening lectures about coronary risk factors. As with the entire group of 1,817 adults, none of the coronary risk factors in the 872 adults allocated to the educational program showed a significant decrease during the second screen in comparison with the first screen. Furthermore, as with the entire group of 1,817 adults, hypertriglyceridemia and hypertension occurred in significantly more persons in the educational group during the second screen in comparison with the first screen.
Analysis of individual risk factors further confirms the lack of effect of the educational effort. Blood pressure was not significantly improved (2 10% or more decrease) in any of the 101 hypertensive persons in the educational group. In 56 of these 101 subjects (55.4%) hypertension was significantly worse (_ 10% increase at the second screen). A significant reduction (. 15% decrease) in serum triglyceride level during the second screen occurred in only 28 of 207 persons (13.5%) with hypertriglyceridemia placed in the educational group, whereas a significant rise in serum triglyceride level during the second screen occurred in 124 (59.9%). Favorable changes in the other risk factors evaluated were not generally found, either in those initially found to be abnormal or in those found normal on first screening. These data indicate that mass screening to detect coronary risk factors in asymptomatic individuals combined with reporting results of these tests to the people tested and to their physicians failed to reduce the prevalence of coronary risk factors. Our educational program was also ineffective both in reducing the prevalence of coronary risk factors and in improving the intensity of risk factors either normal or abnormal. In addition, significantly fewer individuals who were allocated to the educational program returned for a second screening than subjects who were not allocated to the educational program. This raises the question of whether our educational program alienated some individuals. Better approaches must be developed to try to reduce the prevalence of coronary risk factors and to reduce the severity of abnormal coronary risk factors.
